
   2, 2010 
 

44 

 533.9.07:539.1.03 
 

      . 
  -1 

 
. . , . . , . . , . . ,  

. . , . .  
 

,    ( )    ( ) -
,  ,       . . 

    ,     , -
        

( )  .   ,     
"    " ( ),     -

     ( g = Wg / Wb)    -
   Wg     Win ( in = Win / Wg).  -

 -     ,    
         g  

  in. 
 
PACS: 41.75.-i 

 
 : ,  , , , . 

 
 

 

     -
 -  - , -

 ,    -
   . .    

   ( ), -
 ,     

,     
   

 ( )  .  
      

      
( g = Wg/Wb)    -

   Wg    
 Win ( in = Win/Wg).  g  -

       ,  in —  
   .    

    -
        (     

 
 

  ,  . 
 «    " "  

. . . ». 
, 125424, ,  , 95. 

. (495) 491-61-00. E-mail: arlantsev@mail.ru. 
  , . . 

  ,   . 
  ,   . 

  ,  . 
  ,  . 
   . . .  . 

, 119991, , . , 38. 
. (499) 503-82-36. 

 

    28  2009 . 

       -
       ),   -

      
      

  . 
  ( )   -
 ,    , -

    -
 (     

)    -
.        -
    .  

 
   

 

      
 1—3 ,     -

    -
     in -

   ,   
 .  

    — 
   -

   g    -
      

    -
    .  

     
  ,    

  .   , 
      

       
 

 

  . .,  . .,  . .,  . .,  . .,  . ., 2010 



   2, 2010 
 

45 

,   .   
  .  

     
 ,     

   .  
  . 1    

.    -
   (  1, 2)   

 .   -
      

       [4] 
 

w2 = w0
2 + (x/kw0)2,                        (1) 

 
 k = 2 / ,  —  ; 
 w0 —      

   (x = 0).  
 

 

l 

x = 0 

x 

1 

2 x = 1/2 

 
 

. 1.     
     (  1, 2).  

  — ,   
 

 w0 (1)   -
 l.    

    ,   
     -

 . 
    -

       -
        , 

     , 
     . 

     ,   
      -

,      
 "  ",    -

   ,     
  [5].   

      
     

.       
  (  ,    )  

     .  
       

 .  
 ,   -

    , 
      /n 

(  /  ) , -
,      

 . 
     ( -

   ,  -
 )   : -

   N      
  I      

 . 
    

     N *    
. 2, .      -
 0 = 3 ,   Eb = 300     

 I  =  80  .     ,  -
   , ,  

 ,  N     
     -

     -
     .  

 

 

0                2                4                 6                8               10 
r,  

36 

4 

q 1
10

-3
, 

/
3  

2 

0 

6 

8 

10 

12 

14 

18 
14 
12 
10 
8 
6 
N  = 4 

    

 

0                2                 4                6                 8 
r,  

180 

4 

q 1
10

-3
, 

/
3  

2 

6 

8 

10 

I  = 20  

0 

140 

120 

100 

90 

80 

60 

40 

 
                                

 

. 2.   
  qi  

   r : 
   —   N    

;   —   
  I       

 

 

*     4  36.   N  = 2    N  = 1  ,      
          . 



   2, 2010 
 

46 

    -
     I     
 . 2, .     -

: 0 = 2 , Eb = 300 , N  = 12.  -
  ,      

     
    -

      . 
    -

     
   . 3  -

   . -
,     

 ,    
  -    

  ,  ,   
 q.   0 = 2 ,  

  Eb = 400 ,  -
   200.  ,   

 N  ,  -
     I  ,  180 . 

 (   )   
    20 , -

   90     .   
   . 4,  .  

 ,   (  
  w0).  ,    

       
( . . 4,  I  =  0—10  )   -

    .   
     -

 q  1,3 10-3 / 3.   -
  (    I ),    -

     
    , -

 ,       
   .  

 
 

2 

1 

3 4 

5 6 7 

w0 
N  

I  

 
/  

N  I ,  q 10-3, / 3 

1 12 0—10 1,3 

2 12 100 3,4 

3 12 200 3,5 

4 12 300 3,6 

5 8 100 3,3 

6 6 100 3,7 

7 4 100 4,8 
 

 
 

. 3.            



   2, 2010 
 

47 

 

 
 

K  

 
 ( ) 

4 

 

5 

6 

I6 

Iesc 

I5 

I4 

 

 
" -2" 

–  
 

 

IF 

I  

U 1–8 

1 3
3I

3  

I3 

1 3
3

IT 

 
 

 
 

2 

 
 

3 

1 3
3

 

,  
  

2
plK

 1
60

 

I  
1 3I  

674 
155 

I  
5 

IF 

 

 " -2" 

 

Iesc 

6 

4 

I  

1 

1I
1 3
TFI  

B–B 

4T
1
plK1 2I

1 2
2I

  

 
 

 
 

. 4.  : 
 —   — ;  —   — ;   —      

 



   2, 2010 
 

48 

   
 

     , 
    -

    -
 ,      

     
.  

 . 4   ( )  -
 ( )   -

,    ,  -
   .  

     
 "  1 " 6 .  -

     : 
  b  400  ,      

I  10 ,     -
   35 .  

     
    (   

10—20 )     
 670    160 . 

      
,    1 ,pl

   2 ,pl  
   . 5.   

 f = 1     -
    -
  L = 0,078   R = 0,246 . -

      
     = 7 , 

   Uc = 400—3000 .  
 
 

M 2
pl

Im 1
pl  

C  
 

. 5.  ,    
     (  M)  

      (  pl
1-2) 

 

 1 ,pl
   2

pl      
   2 . -

        
 .    -

      -
 

 

2 9

2 9

22 90

2
2 9 2 10

2 10sin 2
1 2 10

2 10 sin 2 cos2 ,

H
H

e

       (2) 

 ;t
T

   ;D
T

  

    D  —   , ;  
 —   , ; 
 —  , ;  
 —      -

, .  
    -

  ,    (2), -
,       -

 ( . 6). 
 

 

0                           1                          2                       t,  

0,5 

1 

0 

/
0 

 
 

. 6.      
 ,    (2)  T = 6 ,  

   160     2  
 

     
  .    . 

7, , ,     r = 60   
  .  1

pl
  2

pl
 

     .  
    ,   -

,      
( . . 5),   , -

     1
pl

  
2 .pl      

, ,   , -
  . 7.  . 8  -

      
. 

   Irev,  
   , 

   ,   
     . 

  Irev    -
     

 (   "  " -
  sin  = (Bmax/B0)-1/2   -

   ).  
   Irev -

,          
 , ,   

(   ). 



   2, 2010 
 

49 

 

r 

r* 

N = 12 

                 

B(r), . . 4 

B(r*), . . 

2 
0 

10 

0 

-2 
-4 

-10 
2      4      6      8   r*,  

-10   -8     -6    -4     -2 
2      4      6      8    r,  

 
 

         
 

. 7.   : 
 —  ,      N = 12     18 ;  

 —         r  r* ( ) 
 
 

 

0                   500              1000              1500               2000        Uc,  

800 
Br,  

600 

400 

200 

0 
   

 

–15    –10       –5        0         5        10       15       20        25       30   x,  

x 
0 200 

Bx,  

150 

100 

50 

0 
 

 

        
 

 

0 
 

Br,  

-150

-100

-50

0

50

100

150

0              20              40               60              80              100            120 
       

R72 

    

 

r,  
R90 R80 

-140   -80       0           80     105 
28  

25  

12,5  

-15       -10        -5          0          5         10        15        20    r,  

B,  

-150 

-100 

-50 

50 

100 

 
 

        
 

. 8.    : 
 —         Uc   0;   

 —          Uc = 400 ;  
 —          r = 72 , Uc = 400 ;  

 —         Uc = 400  
 



   2, 2010 
 

50 

   Irev (  -
       

)   .  -
    -

       
20 ,     -

  .     -
    ,    

 ,    
,   . -

     -
  ( , , -

 K- )     
  .    

     
   .   

  (    
  ,  

    -
)      ( .  .  4,  , ), 

  1
mirI  2

mirI ,    (  
1
TFI , 2

TFI ),   (  1 3
TI ),  -

,     
(  4

TI ),   (  IK),     
  (  IF).  

 ,     
 : Irev = 1 2 1 2

mir TFI I 1 3
TI + 4

TI  + IK + IF.  
     Iesc  -

 (   )    -
.  Iesc    -

   ,      
   .  

      
 ,    

     -
      

  .  ,   
     

    . 
      

   7 .  -
  ( )    -

 ,    -
   . 

      
     -

 .     
    . -
      -

     . 
 

  
   

1 2
1  2 1 2 1 2

1 ,mirI I     

1 2
2  2 

1 2 1 2 1 2
2 ,TFmirI I I      -

  
1 3
3

 3 1 3 1 3
3 ,TI I      

3 1 
1 3

3
4

,T TI I I      -
  

4 1 
1 2 1 3

4
1 2 4

,mir T KTF TI I I I I I    -
,  , , -

    

5 1 

1 2
5

1 2 1 3 4
,rev TF K Fmir T TI I I I I I I I  

  ,  , -
,  , , 

      

6 1 6 ,rev escI I I       

 
,  11 ,      
  ,  11 -

 ,        
. ,   

     . 
( ,      -

   .) 
   ,   
       

    .  
     -

    -
   (   -

    ,  
  ,   "  "). 

     -
.     

     -
    

     , 
,   r (   

 ),  -
  .   , 

,      
,      .  
     -

   (  )  
  .  

     
    ( . . 4, , ), 

      
 .     

       
 



   2, 2010 
 

51 

 (  . 4, ,    ).   
  U1 8    

Uant
1 8     . 

   ( )  
    .  

  ,      
 ,   -

     -
 .  ,    -

 ,     
  ( , ),  -

 .    -
    

  ,  ,  -
.   ,    
    .  

 ,      
  ,   

       
(        

       
  ). 

     -
  .     

     -
  .   -

     -
  ( , ,   ) 

 (    ) -
      .  

    (   -
,  45 )    
    80 . 

    -
      -

      -
   -

 .   ( ) -
     -
     -

     8 .      
 

  
 

   -
     -

  .   —  
   . ,  

     -
    

,     
    .  

    -  [1]. 
     -

    ,   
    

(        -
 )    

( )  .   — 
    

 —    -
, ,    . -

  —   -
      
.     , -

    ,  -
     

    (  -
 ),    -

      
    .  

     -
  ,   

    . -
     -

,   ,   
,        

  .  -
   -     

     -
  .     -

     
 

div 0.J
t

                          (3) 
 

      : -
  Jb    (    -

       
 ,   ), . .  

 

,b e eJ J n V                            (4) 
 

 ne —   ( ) -
;  

 eV  —   . 
,     , 
     -

 ,    
 .      -
    -

  , " " . 
       

,    -
  ,     
  ,  -

   .   -
       

,    
   .  



   2, 2010 
 

52 

    
      

      
 .    -

  ~ 10-8      -
 ,      

(3)    : 
 

div 0.J                                (5) 
 

 ,     
,    -

 eV   ,   
      -

 ,  .  .      -
,      

.     -
      

    
 

( [ ]).
e

dV e E V B
dt m

                   (6) 

 
      

 

,
2eV a  

 

 a  —    (6); 
   —       

  1/ ea  ( ea  — 
 ).  

    -
      

    
 

2 2 ([ ] ( ) ) .
1

V E E B V B B
B

     (7) 

 

  
2 ea e

e
m

  -

  .  
 (7)   , , 

 ||V   ||E     ,  

V   _E  — .  
 

|| ||;V E                                (8) 
 

2
_

2 2 2 2 [ _ ].
1 1

EV E B
B B

          (9) 

 

      
(    (9)),   
 

2 2
_ .

1
EV

B
                      (10) 

 
    -

  (8)   (9)  , 
     -
  (5)   , -

     -
   . 
   (  

    -
        -

   )    (9), 
(10)      -

     grad( )E   
   (4), (5),   
  ,  -

       
div .bJ      

     
 ,    -

     -
    - .  -
     

 | 0, ,   —   
 ,   . 

     -
     -

    , 
    

.    (  -
 ) ,  . . -
 [9],    , -
    ,  

    -
   , :  

 

11

12

Ar Ar * , ( );
Kr Kr * , ( );

e

e

e e k T
e e k T  

 

21

22

Ar Ar ** , ( );
Kr Kr ** , ( );

e

e

e e k T
e e k T  

 

31

32

Ar Ar , ( );

Kr Kr , ( );
e

e

e e e k T

e e k T  

 

41

42

Ar* Ar ** , ( );
Kr* Kr ** , ( );

e

e

e e k T
e e k T  

 



   2, 2010 
 

53 

51

52

Ar* Ar , ( );

Kr* Kr , ( );
e

e

e e e k T

e e e k T
 

 

61

62

Ar ** Ar , ( );

Kr ** Kr , ( );
e

e

e e e k T

e e e k T  

 

2 2 71

2 2 72

Ar * Ar ** , ( );
Kr * Kr ** , ( );

e

e

e e k T
e e k T  

 
+

2 2 81
+

2 2 82

Ar * Ar , ( );

Kr * Kr + , ( );
e

e

e e e k T

e e e k T
 

 

2 2 91

2 2 92

Ar ** Ar , ( );

Kr ** Kr , ( ),
e

e

e e e k T

e e e k T
 

 
     

    
/( ) ( ).ij eE kT

ij e ij ek T e k T     
 ( )    -

 Te  : 
 

Ar Kr

Ar Kr

2

( ) ( )

( ) ;

e
b bi i

a F e i e e

dn W t W t
dt E E

k N n T n
            (11) 

 

Ar Kr
Kr

Ar Kr

2

3 ( ) ( )
2

3 ( ) ( ) .
2

e e Ar b bi i

e a F e i i e e ex ex e e e

d n kT W t W t
dt E E

kT k N n I T n I T n j E
   (12) 

 
  (11)  (12)    -

     -
  , ka —  -

    ,  
( )i e eT n     -

     
.  

 (12)    
 .  Ar, Kr —  

 ,   -
    , ;  

Ii —    ; 
ex   exI  —    

     , -
   ,   ej E    

 .  
 

 
 

    
-      -
   . -

     -
 ,  -

  . 
 

 

      
08-08-12203- . 

 
          

 
1. Arlantsev  S.  V.,  Mkheidze  G.  P.,  Savin  A.  A.// lasma 

sources sci. Technol. 1995. No. 4. P. 147. 
2.  . .//   

/  . . — .: , 2000. . 4. . 126. 
3.  .  .,   .  .,   .  .   .// 

 . 2006.  1. . 43. 
4.  . .//    . — 

.: , 1983. 
5.  . .,  . .,  . .  .// 

 . 1982.  1. . 3. 
6.  . .,  . .,  . .  .// 
. 1974.  1. C. 25. 

7.  . .,  . .,  . .  
 .//  . 1982. . 8. . 5. . 941. 

8.   .  .  2.  .  6.  — .:  .  ,  
1978. 

9.  . .     -
: ./ , 1986,  171. . 54—127. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



   2, 2010 
 

54 

An effective way of gas laser pump with an electronic beam. 
An experimental installation SIGE-1 
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G. P. Kuzmin, I. M. Minaev, G. P. Mkheidze, O. V. Tikhonevich, D. K. Ulyanov 
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38 Vavilov str., Moscow, 119991, Russia 
 

Lasers, sources of coherent ultra-violet (UV) and vacuum UV (VUV) radiation, plasma-chemical 
reactors, reactors for cleaning of foul gazes etc. can be related to the sort of installations the wor- 
king environment of those is plasma, formed as a result of interaction of high-current relativistic 
electronic beam with gas (HCREB). The effectiveness of these installations integrated with the main 
title Systems of Injection Gas Electronics (SIGE) generally depends on the effectiveness of the pump 
energy transmission to the gas ( g = Wg /Wb ) and the transformation effectiveness of the transmitted 
energy   to  the  gas  Wg into  the  energy  of  the  final  product   Win ( in =Win /Wg ). The experimental 
stand-laser is considered in this work as a special case of SIGE which is going to be realized a new 
effective pump way to optimize the heat input g and the available outlet in. 
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